Introduction
The assay of proteins is of great importance in analytical biochemistry and clinical medicine, 1 e.g. the urinary albumin concentration is a good indicator for the early detection of patients at risk of developing diabetic nephropathy. 2 Currently, the dye-binding methods, such as the Bromocresol Green method, 3 the Bromocresol Purple method, 4 the Bromophenol Blue method 5 and the coomassie Brilliant Blue G-250 method, 6 have been commonly used in the clinical assay of protein.
However, there are some limitations in these assays because most of these methods lack either sensitivity or selectivity, and the procedures are sometimes rather complicated.
Since the dye-metal-binding method is superior to the conventional methods using dye alone in terms of the sensitivity, reproducibility, influence of foreign substances etc., 7 several sensitive and selective methods, based on the interactions of protein and metal complexes, such as the 3′,4′,5′,6′-tetrachlorogallein-Mo(VI) complex, 8 the 3′,4′,5′,6′-tetrachloro-2′-carboxyphenylfluorone-Mn(II) complex, 9 the pyrocatechol violet-Sn(II) complex, 10 the osulfophenylfluorone-Ti(IV) complex 11 and the 2-(5-bromo-2-pyridylazo)-5-(N-phenyl-N-sulfopropylamino)phenol-Co(II) complex, 12 have continuously been proposed in recent years. In this work, the p-acetylchlorophosphonazo (CPA-pA)-barium(II) complex was applied as a new spectral probe for protein. Also a novel method for the determination of protein was developed in the presence of Triton X-100 and ethanol. It has been used to determine the total protein in human sera. The obtained results are in agreement with those obtained by the pyrocatechol violet (PV)-Mo(VI) method. 13 
Experimental

Chemicals and reagents
Bovine serum albumin (BSA), human serum albumin (HSA) and ovalbumin (OVA) were purchased from China Medicine Group Shanghai Chemical Reagent Co. A standard solution of 200 µg/mL protein was prepared with water and stored at 1 -4˚C. A solution of 5.0 × 10 -4 M CPA-pA (Changke Reagents Institute of Shanghai, China) was prepared by dissolving 0.0386 g of CPA-pA in water and diluted to 100 mL. A solution of 2000 mg/L Ba(II) was prepared by dissolving 1.779 g BaCl2·2H2O in 500 mL of water. An aqueous solution of 5% (v/v) Triton X-100 was also prepared. A pH 2.4 Britton-Robinson (B-R) buffer solution was prepared by titrating a 0.04 M mixed-acid solution (containing phosphoric acid, acetic acid and boric acid. each with a concentration of 0.04 M) with 0.2 M NaOH, and adjusting to pH 2.4. All of the other reagents were of chemical or analytical grade. Deionized water was used throughout.
Apparatus and procedure
A Model TU-1901 double-beam spectrophotometer (Beijing Purkinjc General Instrument Co. Ltd., China) with 10 mm quartz cells was used to record the absorption spectra and to measure the absorbance. A Model pHS-3C pH meter (Shanghai Rex Instrument Factory, China) was used for pH measurements.
Into a 10-mL calibrated flask, the following components were added: 2.0 mL of a pH 2. For sample analysis, human serum obtained from the Guilin Medical College Hospital, was diluted 500 fold with water. This solution was then directly used as a working solution for a protein assay. The reference determinations were performed according to the procedure of the PV-Mo(VI) method. 13 
Results and Discussion
Absorption spectra
The absorption spectra of CPA-pA, CPA-pA-BSA, CPA-pABa(II) and CPA-pA-Ba(II)-BSA solutions under the experimental conditions are shown in Fig. 1 . As can be seen in Fig. 1 , the absorption wavelength maximum of the CPA-pA and the CPA-pA-Ba(II) complex is located at 560 nm and 650 nm, respectively. When protein, such as BSA, coexists with the CPA-pA or CPA-pA-Ba(II) complex, the absorbance at 560 nm for CPA-pA and at 650 nm for the CPA-pA-Ba(II) complex decreases substantially, which can be considered that the protein reacts with the CPA-pA or CPA-pA-Ba(II) complex to form a supramolecular complex, respectively. However only the decrease in the absorbance of the CPA-pA-Ba(II) complex at 650 nm was proportional to the protein concentration. Thus the CPA-pA-Ba(II) complex can be used as a sensitive and useful spectral probe for protein; and 650 nm was selected as the determination wavelength for protein.
Effects of the pH and the buffer
The effect of the pH on the absorbance difference ∆A was examined. The obtained results are shown in Fig. 2 . It was found that ∆A is maximum and constant in the pH range from 2.0 to 2.8. Therefore, pH 2.4 was used throughout the experiment.
The effect of the buffer on ∆A was also investigated. Among various buffer solutions tested, i.e. HCl-NaAc, Clark-Lubs, chloroacetic acid-NaOH, citric acid-NaOH, and Britton-Robinson (B-R) etc., with the B-R buffer solution, the highest sensitivity was obtained. In a final 10 mL volume solution, 1.0 -3.5 mL of the buffer added was suitable.
Effect of the Ba(II) concentration
The effect of the amount of Ba(II) on the determination of protein was studied by keeping the amounts of reagents other than Ba(II) constant. The maximum ∆A was observed when the concentration of Ba(II) was in the range of 125 -300 mg/L; 160 mg/L was recommended in the experiment.
Effect of the CPA-pA concentration
The effect of the concentration of CPA-pA on the absorbance difference (∆A) was examined. The obtained results are shown in Fig. 3 . It was found that a 3.0 × 10 -5 -6.0 × 10 -5 M CAP-pA solution gave the maximum and an almost constant ∆A value. For a smaller concentration of CPA-pA, the clearer was the color contrast between the sample and the blank. Thus, a 4.0 × 10 -5 M CPA-pA solution was used for the determination of protein.
Effect of the amount of ethanol
As shown in Fig. 4 , the addition of ethanol greatly affected ∆A. Without ethanol, the value of ∆A was small, but increased with an increase in the amount of ethanol. After adding more than 30% (v/v) of ethanol to the system, the maximum and constant ∆A was obtained.
Effect of a surfactant
The CPA-pA-Ba(II)-protein complex was liable to form a precipitate in the absence of a surfactant, and the protein could not be determined by spectrophotometry. In order to dissolve and stabilize the CPA-pA-Ba(II)-protein complex, various nonionic surfactants were examined.
The solubility and absorptivity could be significantly improved by adding OP, PVA, Triton X-100 and Tween-80. However, the impacts of various surfactants were obviously different; Triton X-100 was found to be the best in terms of the sensitivity and stability. A further investigation showed that the addition of more than 0.5 mL of a 5% Triton X-100 solution in a 10-mL flask would be able to effectively solubilize the system, 0.8 mL of a 5% Triton X-100 solution was used in the experiment.
Rate of the binding reaction and stability of the CPA-pA-Ba(II)-protein system
The binding reaction between protein and the CPA-pA-Ba(II) complex was completed at room temperature. A maximum and constant absorbance difference at 650 nm was observed within 5 min, and remained constant for at least 2 h. Therefore, a standing time of 10 min was selected for the measurement.
Calibration curves and sensitivity
The calibration curves for BSA, HSA and OVA were constructed by the procedure given in the experimental section. As shown in Table 1 
Effect of co-existing substances
Under the optimum conditions, the influence of various ions and species on the determination of 150 µg of BSA was examined. A maximum error of ±5% in the absorbance reading was considered to be tolerable. The results are summarized in Table 2 . As shown, of the tested substances, various amino acids as well as K + , Na + , Cl -, Ca
2+
, Zn 2+ ions can be allowed with a relatively higher concentration, but Fe 3+ , Cu 2+ , Mg 2+ , and Al 3+ ions can be allowed with a relatively lower concentration. However, the allowed concentration of those interference ions is still larger than that in biological fluids. Therefore, this method is sufficiently selective.
Sample determination
The present method was applied to the determination of total protein in human serum. Table 3 
